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ABSTRACT

The treatment of metastatic and recurrent uterine leoimyo-
sarcoma (uLMS) has evolved rapidly in the past several years.
Leoimyosarcoma is extremely aggressive and responds poorly
to traditional chemotherapeutics. Recent regulatory approval
of novel treatment options has significantly expanded the
therapeutic armamentarium, and the addition of these thera-
pies has challenged clinicians to select and optimally sequence
these new compounds. Additionally, the potential role of
immunotherapy is being assessed in current uLMS clinical tri-
als. Given the increasing number of agents available both in
the U.S. and globally, a treatment template that addresses
optimal sequencing based upon expert consensus would be
useful. Current guidelines, although listing various options,

lack granularity by line of therapy. Most patients with leio-
myosarcoma, even in early stage, are treated with surgery fol-
lowed by adjuvant chemotherapy despite uLMS being
relatively chemoresistant. Adjuvant chemotherapy often
includes the combination of gemcitabine and docetaxel with
or without doxorubicin in first-line systemic therapy, but these
cytotoxic agents only provide patients with advanced disease
a 5-year survival <30%. This review will focus on examination
of current guidelines and consensus building for optimal
sequencing of systemic therapies for advanced or recurrent
uLMS. Critical ongoing studies investigating novel approaches
including immunotherapeutics and genetic alterations also will
be discussed. The Oncologist 2018;23:1533-1545

Implications for Practice: Recent regulatory approval of novel treatment options has significantly expanded the therapeu-
tic armamentarium, and the addition of these therapies has challenged clinicians to select and optimally sequence these
compounds. This review will focus on examination of current guidelines and consensus building for optimal sequencing of

systemic therapies for advanced or recurrent uterine leoimyosarcoma.

INTRODUCTION

Approximately 5,058 cases of uterine sarcomas are
expected to be diagnosed in the U.S. in 2018 with a mor-
tality rate as high as 29% [1, 2]. For leiomyosarcoma (LMS),
high recurrence rates are observed in all stages despite sur-
gery and adjuvant treatment [3]. The 5-year survival rate
for stage | disease is 76%, whereas stages II-IV are associ-
ated with 60%, 45%, and 29% survival, respectively [4].
Most patients will not live more than 12 months after
recurrence [5, 6]. In advanced-stage patients (stage llI/IV),
current guidelines support the role of chemotherapy in

patients following definitive surgery (adjuvant) and in
patients who have unresectable disease. However, the opti-
mal regimen, order, and dose of systemic chemotherapy
remains unclear. Here, we review the rationale behind the
regimens and types of chemotherapy that are being used
for metastatic and recurrent uterine LMS (uLMS).

BACKGROUND
Uterine sarcomas are a heterogeneous group of tumors,
including carcinosarcomas, leiomyosarcomas, endometrial
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Table 1. Types of uterine sarcomas

Type of uterine sarcoma Immunohistologic markers

Ki67, p53, p16, SMA, and
h-caldesmon [63]

CD10 [64]

Leiomyosarcoma

Endometrial stromal
sarcoma

High-grade undifferentiated Ki67, p53, and p16 [63]

sarcoma

Adenosarcoma with
sarcomatous overgrowth

CD10, +/- ER and PR [65]

Carcinosarcoma (MMMT) p53, WT1, SMA, desmin,

myogenin, and bcl-2 [66]

Abbreviation: ER, estrogen receptor; MMMT, malignant mixed
Millerian tumor; PR, progesterone receptor; SMA, smooth muscle
actin.

stromal sarcomas, adenosarcomas with sarcomatous over-
growth, and high-grade undifferentiated sarcomas (Table 1)
[7]. The natural history, prognosis, and treatment of uter-
ine sarcomas vary by histology and grade. There are limited
data regarding the rarest subtypes. When carcinosarcoma
is excluded, LMS is the most common type of uterine sar-
coma [8, 9]. uLMS is composed of malignant smooth mus-
cle with significant cellularity, nuclear atypia, necrosis, high
mitotic rate, invasion, and metastases. LMS is diagnosed
based on the Stanford criteria, requiring the presence of at
least two of the following characteristics: (a) high mitotic
rate >10 figures per 10 high-power fields, (b) moderate to
severe cellular atypia, and (c) areas of coagulative tumor
cell necrosis [10]. Leiomyosarcomas typically express
smooth muscle markers, including smooth muscle actin
and h-caldesmon. There has been significant variation in
the literature as to the percentage of estrogen and/or pro-
gesterone receptor positivity, varying from 7% to 71% [11].
uLMS harbors multiple complex chromosomal abnormali-
ties with no single specific translocation. Abnormalities of
the p53, MDM2, and DCC genes have been described [12].
Given the complexity of the histology of uLMS, it is impor-
tant that all cases are reviewed by a gynecological patholo-
gist with expertise in this area.

Median age at diagnosis is 56 years. Most experts
believe uLMS arises de novo and only rarely transitions
from benign leiomyoma, occuring approximately 5%—10%
of the time. The incidence of occult LMS is between 0.2%
and 0.7% [13]. It typically presents with abnormal bleeding
like most uterine cancers; however, it has been linked to
some unusual presentations, including the Leser-Trélat
sign, which is the rapid onset of seberroheic keratoses that
can be a sign of underlying malignancy [14].

Prior to 2009, all uterine sarcomas were staged accord-
ing to the criteria for uterine carcinomas. In 2009, the
International Federation of Gynecology and Obstetrics cre-
ated a distinct surgical staging system for uterine sarcomas
excluding uterine carcinosarcoma (Table 2).

The initial treatment of LMS involves removal via hys-
terectomy; however, bilateral salpingo-oophorectomy
remains controversial. These tumors may express estrogen
receptors, and thus eliminating estradiol production may
limit recurrence. However, this remains hypothetical as
retrospective data analysis has revealed no outcome

AlphaMed Press 2018

Table 2. International Federation of Gynecology and
Obstetrics staging

I. Tumor limited to the uterus
A. Tumor <5 cm in greatest dimension
B. Tumor >5 cm
II. Tumor extends beyond the uterus, within the pelvis
A. Tumor involves adnexa
B. Tumor involves other pelvic tissues

IIl. Tumor infiltrates abdominal tissues (not just protruding
into the abdomen)

A. One site
B. More than one site
IV. Tumor is invasive or metastatic
A. Tumor invades bladder or rectum

B. Distant metastasis (excluding adnexa, pelvic, and
abdominal tissue)

differences between hysterectomy with bilateral salpingo-
oophorectomy versus hysterectomy alone and must be
weighed against the advantages of ovarian preservation
[4, 15]. A review of cases by Pritts et al. did not conclu-
sively reveal any outcome differences related to morcella-
tion verses en bloc removal [16]. However, an expert
opinion by Chalas, as well as a consensus review by Hens-
ley et al., states that morcellation should be avoided in any
suspected or diagnosed malignancy, including LMS [15, 17].

In stage | uLMS, Littell et al. found that observation
with imaging after hysterectomy was equivalent to admin-
istration of adjuvant gemcitabine and docetaxel, which has
been recommended for ongoing management in these
women [18, 19]. The rate of lymphatic involvement is rela-
tively low, ranging between 3.5% and 11% [3]. Therefore, if
final pathology for presumed benign leiomyoma returns as
LMS, it is not generally recommended to perform a second
procedure to procure lymph nodes. In addition, administra-
tion of adjuvant gemcitabine and docetaxel is equivalent to
observation in these patients. So, for stage | uLMS it is rea-
sonable to defer therapy to use if a patient recurs. The
most common metastatic sites are lung, liver, and bone.
Even if the cancer has not metastasized, the risk of recur-
rence within 2-5 years is 40%—70% [3]. Once metastatic
disease is diagnosed, either initially or at recurrence,
median survival is 1 year [5, 6]. Given the devastating
nature of this disease, establishing a treatment consensus
for advanced and recurrent uLMS is vitally important.

SINGLE AGENTS IN METASTATIC ULMS

Doxorubicin (adriamycin) is an active single agent for
uLMS and is less toxic than combination regimens. Three
GOG trials (GOG 20, 21, 42) conducted in the 1980s
assessed single-agent adriamycin for the treatment of
uLMS. In GOG 20, 56% of patients did not recur, but
there was no survival difference observed for adjuvant
doxorubicin versus observation, with or without radiation
[20]. GOG 21 and 42 compared single-agent doxorubicin
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to doxorubicin with dimethyl tiazenoimidazole carboxa-
mide (GOG 21) or cyclophosphamide (GOG 42), which
showed no outcome difference for single-agent versus
combination treatments [21, 22]. Judson et al. compared
the efficacy of doxorubicin to pegylated liposomal doxoru-
bicin (Doxil; Janssen Pharmaceutica, Beerse, Belgium) in
94 patients (35% with LMS) with advanced soft-tissue sar-
coma (STS), and demonstrated similar activity in both with
an improved toxicity profile in Doxil patients [23]. Gyneco-
logic oncologists favor a dose of 60 mg/m? of doxorubicin
for systemic treatment of LMS. However, medical oncoli-
gists recommend that the threshold dose for optimal
activity appears be >60 mg/m? per 3-week cycle for meta-
static STS, with most settling on a standard dose of
75 mg/m? per cycle [24]. This is an important distinction
because there is not a consensus in regard to dosages
between the two specialties. Cisplatin, ifosfamide, etopo-
side, paclitaxel, topotecan, trimetrexate, doxorubicin,
temozolomide, and trabectedin have all shown modest to
minimal response rates in advanced LMS in the upfront
setting: 3%, 17%, 0%, 12%, 11%, 4%, 16%, 8%, and 9.5%,
respectively (Table 3).

Other therapies included in the National Comprehen-
sive Cancer Network (NCCN) list of recommended single
agents include the following: (category 2A: dacarbazine,
epirubicin, gemcitabine, pazopanib, temoxolomide), (cate-
gory 2B: vinorelbine, eribulin), and (category 3: docetaxel;
Table 3). Gemcitabine as a single agent has had response
rates as high as 21% when a 1,000 mg/m2 dose was admin-
istered over 30 minutes on days 1, 8, and 15, with cycles
repeated every 28 days. Eribulin, an antimicrotular antineo-
plastic agent, is listed in the NCCN guidelines as an option
for treatment of uterine sarcomas; however, it is not
U.S. Food and Drug Administration (FDA) approved for this
indication. It had equal efficacy when compared with
dacarbazine, an alkylating antineoplastic agent, in a phase
Il trial that included patients with both LMS and liposar-
coma (LPS). The median overall survival (OS) was 13.5 ver-
sus 11.5 months (hazard ratio [HR] 0.79), although the
study was not powered for OS. When a subgroup analysis
was performed in just the uLMS patients, there was no dif-
ference in OS (12.7 vs. 13) with an HR of 0.93 [25].
Although eribulin is not approved for uLMS in the U.S,, it is
approved for use in advanced LPS in the U.S., and for LMS
and LPS in other countries.

Trabectedin interacts with DNA repair mechanisms as
a minor groove binder and major groove binder. It modu-
lates transcriptional regulation by displacing transcription
factor and fusion proteins, specifically the FUS-CHOP
fusion gene, the hallmark of myxoid liposarcoma. Addi-
tionally, it inhibits transcription by blocking RNA polymer-
ase Il and affects the tumor microenvironment by
inhibiting CCL2, a proinflammatory mediator [26]. Trabec-
tedin (ET-743) gained approval in Europe in 2007, and in
2015 it was approved in the U.S. for use in advanced LMS
and LPS after failure of anthracycline therapy [27, 28].
The dose and schedule was determined by a phase Il ran-
domized trial of two different schedules in advanced or
metastatic LPS or LMS after failure of prior anthracyclines
and ifosfamide, which included 260 patients (177 LMS
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patients). The median time to progression favored the
every-3-week 24-hour schedule. Its FDA approval was
based on SAR 3007, which was a phase lll randomized
trial comparing trabectedin with dacarbazine in meta-
static LPS or LMS after an anthracycline- and
ifosphamide-containing regimen or an anthracycline-
containing regimen and one additional chemotherapy
regimen. The median progression-free survival (PFS)
favored trabectedin over dacarbazine: 4.2 versus
1.5 months (HR 0.55; p < .001) [29, 30]. In patients with
uLMS specifically, trabectedin significantly improved PFS
compared with treatment with dacarbazine (median PFS:
4.01 months vs. 1.54 months [HR 0.57; p = .0012]; Fig. 1)
[31]. Clinical trials with trabectedin are listed separately
in Table 3.

Targeted Therapy

The oral multikinase angiogenesis inhibitor, pazopanib, is
FDA approved for advanced STS other than LPS or gas-
trointestinal stromal tumors that fail anthracycline ther-
apy. It was initially explored in advanced STS in the
EORTC Study 62043, which was a phase Il study that
included 41 patients with LMS. The 12-week progression-
free rate (primary endpoint) was 44% in this population
[32]. It was later studied in a multicenter, international,
double-blind, placebo-controlled phase Il PALETTE study
(EORTC study 62072) in STS patients, including 165 LMS
patients, who had received at least two lines of prior
chemotherapy. This trial showed a 6% response rate (RR)
with a 4.6-month PFS and a 12.5-month OS, compared
with the 1.6-month PFS (HR 0.31) and 10.7-month OS
(HR 0.86) in the placebo arm [33]. The LMS cohort spe-
cifically had a PFS of 4.6 months versus 1.9 months
(HR 0.37).

Additionally, Benson et al. published a retrospective
analysis of 44 patients with uterine sarcoma treated with
pazopanib; 39 patients had uLMS. Despite over 85% receiv-
ing prior treatment in the uterine sarcoma group, pazopa-
nib showed signs of activity with similar outcomes to
patients with nonuterine STS. Median PFS was 3.0 months
(95% confidence interval [Cl] 2.5-4.7) in uterine versus 4.5
(95% Cl 3.7-5.1) in nonuterine STS. Median OS was
17.5 months (95% ClI 11.1-19.6), which was longer than
the nonuterine population OS of 11.1 months (95% ClI
10.2-12.0; p = .352) [34].

Sorafenib and sunitinib, tyrosine kinase inhitors, showed
minimal response rates in advanced and/or recurrent LMS
(2.7% and 8.7%, respectively) and thus are not included in
the NCCN recommended guidelines (Table 3) [35].

CoMBINATION AGENTS IN METASTATIC ULMS

Combination chemotherapy vyields better response rates
than single agents in patients who can tolerate more
aggressive regimens. Given that doxorubicin and ifosfamide
are the most active single agents in STS, the combination
of the two was evaluated by the GOG in a phase Il study
and showed a response rate of 29%; however, this

© AlphaMed Press 2018
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LMS liposarcoma

2015

8.2 20.2 (uLMS specific) Pautier [94]

59.6% (uLMS specific)

Single arm

n =108 (n = 74 (uLMS)
measurable metastatic or

Trabectedin & Doxorubicin

unresectable uLMS or soft-tissue

LMS

2016

Martin-Broto

[101]

13.3 vs. 13.7

5.7 vs. 5.5

17% vs. 17%

Two arms

n=

Trabectedin & Iaoxorubicin
vs. Doxorubicin® alone

55 vs. n = 60 locally
advanced nonresectable or

metastatic STS
Included in the NCCN Guidelines Version 1.2018 Uterine Sarcoma as other options (combination and single agent) [102].

®Included in the NCCN Guidelines Version 1.2018 Uterine Sarcoma as preferred therapies.

Abbreviations: —, no data; LMS, leiomyosarcoma; N/A, not applicable; NCCN, National Comprehensive Cancer Network; OS, overall survival; PFS, progression-free survival; STS, soft-tissue sarcoma; uLMS,

uterine leiomyosarcoma.

response rate was similar to that observed in STS with
doxorubicin alone (~25% RR) [36].

In 2002, Hensley et al. published the first trial using
gemcitabine and docetaxel, the most commonly used com-
bination regimen for treatment of uLMS. It was a single-
institution phase Il trial in patients with unresectable LMS
who had received 0-2 prior chemotherapy regimens both
with and without prior radiation [37]. This trial evaluated
two different treatment doses depending on if the patient
received prior radiation (675 gem/75 docetaxel) or did not
receive prior radiation (900 gem/100 docetaxel). The two
agents were given every 3 weeks for six cycles. The overall
response rate in this trial was 53% (3 with complete
response [CR], 15 with partial response [PR]) with a median
PFS of 5.6 months and a median OS of 17.9 months. This
was the first trial to demonstrate that combination gemcita-
bine and docetaxel was a tolerable and active treatment for
unresectable disease, both with and without prior treat-
ment. In 2007, Maki et al. published a study that compared
gemcitabine with combination gemcitabine + docetaxel.
This trial was done in all STS tumors and showed a
response rate of 8% versus 16%, PFS of 3 versus 6.2 months,
and an OS of 11.5 versus 17.9 months, supporting the use
of the combination of gemcitabine with docetaxel over
gemcitabine alone [38]. Interestingly, although the PFS and
OS was calculated for all STS tumors, the authors reported
treatment outcomes for the LMS tumors only. In LMS
patients, 1/9 (11%) responded to gemcitabine alone,
whereas 15/29 (52%) responded to the combination.

GOG 87L investigated the same regimen as Hensely in
2002, but this phase Il trial was limited to patients with
advanced, unresectable disease who had received no prior
chemotherapy. Fifty percent of all patients (19/38) received
six or more cycles. The response rate was 36% (15/42; CR
2/39, 4.8%; PR 13/39, 31%); 26.2% had stable disease
(11/32); and 62% had some clinical benefit. Sixty percent
of patients at 12 weeks had not progressed, and 41% of
patients had not progressed at 24 weeks. Those who had
either a complete or partial response had a response dura-
tion of 6 months, and the PFS was 4.4 months (Table 3)
[39]. The same fixed-dose rate gemcitabine plus docetaxel
achieved a high response rate in advanced, recurrent uLMS
as a second-line treatment in GOG 131G. This was a phase
Il trial that demonstrated 50% of patients had stable dis-
ease and 27% showed a response to treatment (CR 6.3%,
PR 20.8%) [39]. Given the activity of this regimen in
advanced disease, it was later studied in patients with
stage |-IV uLMS that had been completely resected, show-
ing a median PFS of 13 months [40].

In 2013, Hensley et al. published SARC 005, a phase |l
trial of four cycles of fixed-dose-rate gemcitabine plus doc-
etaxel followed by four cycles of doxorubicin in patients
with disease limited to the uterus after complete resection.
The median time to recurrence was 27.4 months (range
3-40 months). Seventy-eight percent (95% Cl 67%—91%)
were progression-free at 2 years, and 57% (95% Cl 44%—
74%) were progression-free at 3 years [41]. Despite a
reported improvement in response with addition of doxo-
rubicin to gemcitabine and docetaxel, not all providers are
using this regimen as their standard. Many providers at
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Figure 1. Kaplan-Meier curves of uLMS patients in Trabectedin vs. Dacarbazine trial. (A): Progression-free survival comparison. (B):

Survival time comparison.

large academic centers continue to use gemcitabine and
docetaxel without doxorubicin and later use doxorubicin
when patients progress. Two years after SARC 005, Hensley
et al. published GOG 250, which evaluated the role of bev-
acizumab in the management of metastatic LMS. The study
was closed early for futility; there was no difference in PFS,
0OS, or objective response rates. The median PFS was
6.2 months in the control arm versus 4.2 months with bev-
acizumab (HR 1.12; p = .58). The mean duration of
response was 8.6 months for gemcitabine and docetaxel
plus placebo versus 8.8 months for gemcitabine and doce-
taxel plus bevacizumab. The response rate was 32% in the
gemcitabine and docetaxel arm versus 36% in the gemcita-
bine and docetaxel plus bevacizumab arm [42].
Olaratumab, an anti-PDGFa monocolonal antibody, was
FDA approved in 2016 for STS, but is not included in the
most recent version of the Uterine 2017 NCCN guidelines.
Approval was based on data comparing olaratumab with
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doxorubicin with doxorubicin alone in recent open-label
phase Ib and phase Il trials in advanced STS [43]. The median
PFS was 6.6 versus 4.1 months (HR 0.672). The median OS
was 26.5 versus 14.7 months (HR 0.46). The response rate
was 18.8% with combination versus 12.3% with doxorubicin
alone. The phase Il trial was analyzed separately and showed
a PFS of 8.2 versus 4.4 months and a response rate of 18%
versus 8% with the same OS. The statistically significant dif-
ference in OS was consistent across stratifications, including
LMS versus non-LMS subgroups [44].

The combination of trabectedin and doxorubicin was
evaluated by the French Sarcoma Group as first-line treat-
ment in advanced STS, and in uLMS patients the median
PFS was 8.2 months [45]. The Spanish Group performed a
phase Il trial comparing the combination of trabectedin
and doxorubicin with doxorubicin alone as first-line treat-
ment for advanced STS, but the combination did not dem-
onstrate superiority over doxorubicin alone [46].

© AlphaMed Press 2018
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Table 4. Ongoing clinical trials

Drug(s) Phase

Patient eligibility

Trial number

Trabectedin vs. best supportive care 1

Doxorubicin & trabectedin followed by 1l
trabectedin vs. doxorubicin

Gemcitabine & docetaxel 4= olaratumab Ib (open-label), 11

(randomized,
double-blinded)

Pembrolizumab 1]

Olaratumab & doxorubicin

Clinical observation vs. docetaxel, 1]
doxorubicin hydrochloride, filgrastim,
gemcitabine hydrochloride, &

pegfilgrastim

Letrozole vs. observation 1]

Pembrolizumab 1]

Pembrolizumab & doxorubicin 1]

Axitinib & pembrolizumab Il
Pembrolizumab & gemcitabine I, 1l
Doxorubicin hydrochloride & 1,1
pembrolizumab

Talimogene laherparepvec (T-VEC) & 1]

pembrolizumab

MK3475 & metronomic 1]
cyclophosphamide

Trabectedin, ipilimumab, & nivolumab 1, 1l

Ipilimumab & nivolumab Il

STS (<3 prior lines)

Metastatic or relapsed unresectable
uLMS or soft-tissue LMS

Advanced or metastatic disease (<2 prior
lines)

Unresectable, recurrent, and/or
metastatic high grade STS or bone
sarcoma (1-3 prior systemic therapies in
metastatic setting)

STS (including grade 1 liposarcoma with
proven evolution to more aggressive
disease)

uLMS, FIGO stage | (confined to corpus
+/- cervix); required complete
hysterectomy

uLMS limited to the uterus; must
express ER positivity by IHC (>10%)

Grade 2 or 3 out of 3 UPS or
dedifferentiated/pleomorphic LPS of the
extremity (>5 cm)

Unresectable or metastatic STS; has not
received prior treatment with an
anthracycline chemotherapy and/or
anti-PD-1/PD-L1 therapy

Sarcoma

Undifferentiated pleomorphic sarcoma
or LMS

Metastatic or unresectable sarcoma

Metastatic and/or locally advanced
sarcoma (at least 1 prior line of systemic
therapy)

LMS, UPS, other sarcoma, GIST, or
osteosarcoma; advanced nonresectable/
metastatic disease

Locally advanced unresectable or
metastatic STS

Bone sarcoma or STS; measurable
disease, and locally advanced/
unresectable or metastatic disease
(at least 1 prior systemic therapy)

NCT02672527
NCT02997358

NCT02659020

NCT02301039

NCT02783599

NCT01533207

NCT00414076

NCT03092323

NCT03056001

NCT02636725
NCT03123276

NCT02888665

NCT03069378

NCT02406781

NCT03138161

NCT02500797

Abbreviations: ER, estrogen receptor; FIGO, International Federation of Gynecology and Obstetrics; GIST, gastrointestinal stromal tumor; IHC,
immunohistochemistry; LMS, leiomyosarcoma; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; STS, soft-tissue sar-
coma; uLMS, uterine leiomyosarcoma; UPS, undifferentiated pleomorphic sarcoma.

NE0ADJUVANT CHEMOTHERAPY IN SOFT TISSUE SARCOMAS
The use of neoadjuvant chemotherapy has been studied in
a phase Ib/Il trial for STS, which compared gemcitabine
and docetaxel with gemcitabine and docetaxel with pazo-
panib [47]. This trial only accrued five patients (two LMS).
Three patients discontinued because of toxicity, and the
study closed. To our knowledge, there are no recommen-
dations regarding neoadjuvant chemotherapy in uLMS.

CoMmPLETED CLINICAL TRIALS WITH UNPUBLISHED RESULTS

The Gynecologic Oncology Group phase Il trial (GOG 277)
was designed to compare gemcitabine and docetaxel plus
doxorubicin  with observation with and without an
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aromatase inhibitor in early-stage uLMS; however, it was
closed early because of poor accrual. Therefore, observa-
tion after resection, according to the NCCN guidelines, can
be considered in early-stage disease. Investigational agents
that are being evaluated in STS include evofosfamide, a
hypoxia-activated prodrug. Trials with evofosfamide alone
or in combination with doxorubicin have been completed
in STS, but the results are not yet available [48].

ONGOING CLINICAL TRIALS
There are multiple ongoing trials that include uLMS (Table 4).
Table 4 is not an all-inclusive list, but it summarizes some of
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Table 5. Mutated genes in uLMS [103, 104]

Gene Expression Altered, % Deletions, %  Mechanism

VIPR2 Downregulated 96 = Smooth muscle proliferation

TP53 Downregulated 92 69 Apoptosis, genomic stability, and inhibition of
angiogenesis

RB1 Downregulated 88 92 Inhibits cell cycle progression/deletion; associated with
chromosomal instability

PTEN Downregulated 75 81 Regulates PI3K/AKT/mTOR

YWHAE Upregulated 83 = Mediates signal transduction/cell division

MED12 Up- and downregulated 63 — Represses or activates expression of other genes

miR-181b-5p  Upregulated 26 — Associated with decreased expression of PI3K/AKT3/
mTOR

Abbreviation: —, no data.

the ongoing research in the field. Immunotherapeutic agents,
such as pembrolizumab (anti-programmed cell death protein
1 [PD-1]), nivolumab (anti-PD-1), and ipilimumab (anti-CTLA4),
are being studied in STS. George et al. recently published a
study in which 12 women received nivolumab alone. The
median PFS was only 1.8 months (95% CI 0.8—not defined),
and no objective responses were observed. Nivolumab as a
single agent failed to demonstrate antitumor activity among
uLMS patients without any biomarker selection. However,
immunohistochemistry (IHC) expression of archival tumor
material and analysis of changes in circulating immunophen-
types are ongoing, and the study is being amended to evalu-
ate treatment of metastatic disease [49].

Pembrolizumab, an anti-PD-1 agent, is also being evalu-
ated alone (SARC028) and in combination with other
agents: olaratumab, doxorubicin, axitinib, gemcitabine,
tamlimogene laherparepvec, and cyclophosphamide. Tawbi
et al. recently studied 80 patients, including 10 LMS
patients, receiving pembrolizumab. No objective responses
were observed in the STS cohort. PFS rates at 8 weeks
were 50% in LMS. Longer clinical follow-up data are being
evaluated to determine the therapeutic impact of single-
agent pembrolizumab in STS and bone sarcoma and will be
published along with immune monitoring in peripheral
blood and tumor tissues [50]. Additionally, a phase Il trial
investigating nivolumab with and without ipilumumab was
initiated in uLMS patients specifically, but has been sus-
pended [51]. Nivolumab and ipilumumab are continuing to
be evaluated together and in combination with trabectedin
in STS. Whether the efficacy of immunotherapy in LMS is
correlated with specific biomarkers such as PI3K pathway
activation, loss of PTEN (both associated with anti-
programmed death-ligand 1 [PD-L1] activity in melanoma),
percentage of PD-L1 expression by IHC, amount of tumor-
infiltrating lymphocytes, neoantigen load, or tumor muta-
tional burden is currently being investigated [52—55].

MoLECULAR GENETICS AND POTENTIAL FUTURE TARGETS

As previously alluded to, specific targeting of tumors is
likely the future of treatment. A recent study attempted to
identify potential targets in uLMS by sequencing 84 samples
across multiple centers. Although the authors identified
reduced expression of established tumor suppressor genes
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such as TP53, RB1, and PTEN, they also identified VIPR2, a
negative regulator of smooth muscle proliferation. VIPR2
was affected in 96% of samples and reduced in uLMS in
comparison with normal myometrium. In addition, its dele-
tion was a negative prognostic indicator in uLMS [53]. By
identifying new potential oncogenes or tumor suppressor
genes in individual tumors, we can potentially use estab-
lished therapies or novel therapies to upregulate or down-
regulate specific genes. For example, imipramine, which is
an FDA-approved antidepressant that upregulates VIPR2
expresssion, was proposed as an established therapy that
could act by upregulating this tumor suppressor gene iden-
tified in uLMS [56]. The comprehensive and integrated
genomic characterization of adult STS name many of the
same tumor suppressor genes as above, but also make
mention of miR-181b-5p, which is upregulated in LMS and
associated with recurrence-free survival [57]. Interestingly,
miR-181-b was thought to increase vascular smooth muscle
proliferation and migration via the PI3K pathway [58]; how-
ever, this study found an association between increased
expression of miR-181b-5p and low expression of PI3K
pathway and targets mammalian target of rapamycin
(mTOR) and AKT3 that are associated with phosphatase
and tensin homolog (PTEN). Table 5 offers a summary of
the major genes mutated in uLMS, how often they are
affected, and whether they are up- or downregulated.

How SHouLD SysTEMiCc CHEMOTHERAPY BE SEQUENCED?
Based on the data presented in this review, it is our
opinion that frontline chemotherapy for uLMS should
include either gemcitabine or doxorubicin. These agents
should be administered alone if the patient cannot toler-
ate combination treatment, but ideally in combination
with docetaxel (gemcitabine with docetaxel) or olaratu-
mab (doxorubicin with olaratumab). According to all the
clinical trials for uLMS, the most effective regimen in dis-
ease limited to the uterus has been the SAROO5 regimen:
gemcitabine (900 mg/m? day 1 and 8) plus docetaxel
(75 mg/m? on day 8) every 21 days for four cycles, fol-
lowed by doxorubicin (60 mg/m?) every 21 days for four
cycles. It is important to note that this regimen is not
described in the NCCN guidelines and has not been stud-
ied in advanced disease.

© AlphaMed Press 2018
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Hysterectomy +/-
BSO

!

FIRST LINE
EITHER Observation OR Gemcitabine + Docetaxel OR Doxorubicin + Olaratumab

!

Recurrence

SECOND LINE
EITHER Gemcitabine + Docetaxel OR Doxorubicin + Olaratumab
(whichever was not used as first line)

!

THIRD LINE
Trabectedin

|

FOURTH LINE
Pazopanib, Ifosphamide, Eribulin, Dacarbazine, or Temozolomide

Figure 2. Suggested algorithm for chemotherapy treatment
in uLMS.

Once patients with uLMS have recurred, patients
should be encouraged to enroll in a clinical trial. If no trial
is available and patients have not received prior doxorubi-
cin, doxorubicin should serve as second-line systemic ther-
apy. If doxorubicin was used previously without the use of
gemcitabine and docetaxel, then gemcitabine and
docetaxel should be used. If the patient already received
gemcitabine and docetaxel, then doxorubicin could be
administered with olaratumab. If the patient received gem-
citabine and docetaxel followed by doxorubicin initially, tra-
bectedin 1.5 mg/m? over a 24-hour infusion every 3 weeks
would be an appropriate next line of therapy.

If not previously used, the third-line therapy for all
uLMS patients should be trabectedin, as the phase Il trial
using this agent in advanced or recurrent disease had a
5.8-month PFS. If the patient already received trabectedin,
another option for third-line or fourth-line therapy includes
pazopanib. Other options could include ifosphamide, eribu-
lin, or dacarbazine. Eribulin, although not FDA approved
for uLMS, should be considered because it had comparable
efficacy and fewer side effects than dacarbazine. See
Figure 2 for suggested treatment algorithm.

CoNCLUSION
uLMS is a devastating disease manifested by poor survival
outcomes and short overall survival intervals once
advanced or recurrent disease is diagnosed. Survival for
stage | disease is poor in comparison with other uterine
cancers [59, 60]. The cause is multifaceted—both tumor
aggression and a lack of efficacious therapy in advanced or
recurrent disease contribute to poor outcomes. Poor
response to traditional chemotherapies has caused diffi-
culty in establishing a consensus standard regimen among
gynecological oncologists.

Starting in the 1980s, trials were commissioned to iden-
tify chemotherapeutics to treat sarcomas. Initially, single-
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agent doxorubicin was studied in three early GOG trials and
no survival benefit was observed. Since that time, many
agents have shown modest benefit; however, the NCCN has
only supported ifosfamide, doxorubicin, and trabectedin as
single-agent options for uLMS. Multiple trials have shown
combination therapy to be efficacious in treating both pre-
viously resected and unresectable disease—most notably
Hensley et al. and Maki et al. showed gemcitabine and doc-
etaxel were both tolerable and active agents against STS
[37, 38]. Both GOG87L and GOG131G confirmed that this
regimen was active in patients with advanced, unresectable
uLMS without prior chemotherapy and in patients with
advanced, recurrent uLMS as a second-line treatement.
SARC005 demonstrated improved response by adding four
cycles of doxorubicin after the fixed-dose gemcitabine and
docetaxel regimen, although the addition of bevacizumab
showed no appreciable benefit [41].

Targeted therapy, specifically olaratumab, has shown
promise in combination with doxorubicin versus doxorubi-
cin alone. In addition, there are multiple ongoing trials that
point to immunotherapy as a possible option to improve
survival in uLMS. Tailoring immunotherapies to specific
tumors in combination with traditional chemotherapies
could provide great strides in an effort to more adequately
treat uLMS. As targeted therapy and immunotherapy con-
tinue to evolve, it will be essential for providers to become
more aware of the genetic and inflammatory profile of
tumors. Ongoing clinical trials will hopefully offer new
options to be used in combination with established agents.
We continue to advocate for enrollment in these trials if
available.

Additionally, researchers continue to explore other
areas of evaluation and treatment of sarcomas, including
surgical technique, staging methods, and response criteria
[61]. This includes a proposal by Choi to embrace a new
imaging-based response criteria specifically for sarcomas to
better assess response [62].

The recommendations put forth in this review article
are an attempt to establish the most current and effective
treatment of recurrent and advanced uLMS. By forming a
consensus for the efficacious treatment of this disease, a
standard regimen will be established, which will be perpet-
ually built upon and consequently result in increased sur-
vival. We realize that the ever-changing landscape of
research in this arena will require consummate appraisal,
and are excited by the multiple ongoing sarcoma trials. We
look forward to further treatment development in the
field, but until that time, the sequence of systemic chemo-
therapy proposed above has shown the most benefit in
past trials.
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